It has not been long since we abandoned the dogma asserting that all internal organs are sterile. In fact, all eukaryotic organisms are considered now as holobionts representing complex collaborations between the entire microbiome of each eukaryote and its innate cells. These dwellers are mainly found in specific 'hot spots' habitats that contain larger microbe concentrations such as the gut, mouth, skin, vagina and lung airways. All of these body sites possess fairly stable bacterial communities with their own distinctive taxonomic composition (Gilbert et al., 2018) . Recent advances in the state of the art of DNA sequencing, the development of -omic technologies and the improvement of data analysis tools have enabled the microbiome research to become one of the most dynamic areas of research of our time (Schmidt et al., 2018) even changing our concept of eukaryotic organisms as 'superorganisms' (Segre and Salafsky, 2016; Kutschera, 2018) .
Although there is a widespread agreement about the important role that our microbial symbionts play in many aspects of our health and their link in many complicated syndromes as obesity (Turnbaugh and Gordon, 2009 ), Crohn's disease (Eckburg and Relman, 2007) , Parkinson's disease, autism, depression (Knight et al., 2017) , several metabolic disorders (Spencer et al., 2011) and even in our behaviour (Johnson and Foster, 2018) , there is still a lack of knowledge on the definition of 'normality' or stable state of the microbial composition in each of its ecosystems (Costello et al., 2009 ). This is due to important features of the microbiomes in their colonization niches, as their taxonomic profiles and the relative abundances of each of the species, which differ across individuals and can even change over time (Califf et al., 2014) .
Besides humans, microbiome studies are also becoming popular in other species and different ecological niches, such as non-human mammals, fishes and marine environments. The methodology employed in all these studies, however, remains largely the same regardless of the host. Interesting examples of nonhuman microbial population studies are the works recently published in Microbial Biotechnology highlighting the implication of the imbalance of microbial flora from different anatomic sites with lesions and diseases (Huang et al., 2018) , or the relatedness between changes in diet with changes in the microbiome in different species (Simons et al., 2018; Walburn et al., 2019) . As stated above, linking changes in microbial communities with human diseases is a hot spot in microbial population studies. In this sense, the work done by Huang and colleagues (Huang et al., 2018) shows the importance of the lung microbial flora in mammals, and more specifically its relationship with lung's chronic lesions in swines. In this paper, authors firstly establish the bacterial communities found in healthy swine lungs, mainly dominated by Proteobacteria (47.3%), Firmicutes (23.8%) and Bacteroidetes (18.7%) phyla. Comparison with injured swine's lungs suggests a significant reduction of the microbial diversity and the implication of enriched bacterial species found in severe-lesion lungs, such as Mycoplasma hyopneaumoniae and Mycoplasma flocculare, in the development of lesions in this organ (Huang et al., 2018) . As authors assert in this work, reduction of the microbial diversity has been associated with other human diseases such as cystic fibrosis, chronic obstructive pulmonary disease, Crohn's disease and irritable bowel syndrome.
In addition to the remarkable advances emphasizing the importance of microbiomes in human and animal diseases, microbiomes are also attracting interest from economical and biotechnological points of view. Modulation of human and animal microbiomes by food and dietary supplements has been commonly observed in our society for many years claiming to 'promote intestinal health'. Furthermore, efforts have been done in the aquaculture industry in an attempt to better understand economically valuable fish species and to improve fish growth and development.
Examples of that are the investigations done by Simons et al. (2018) and Walburn et al. (2019) demonstrating the effect of diet in the microbial gut composition of oysters and measuring the changes in the microbial community of the intestine of Yellowtail Kingfish (Seriola lalandi) at different stages of development respectively. The work by Simons et al. (2018) addresses important questions such as the impact of the living microorganisms, present in the algal culture used as feedstock for feeding the Pacific oyster (Crassostrea gigas), in shaping the digestive bacterial community of the oyster, or in other words, what is more influential, prebiotics or probiotics? In this study, authors show that the dominant taxa in the oyster's faecal microbiome are distinct from the corresponding algal microbiomes used to feed the oyster, suggesting that the nutritional profile of the algal culture used as feedstock plays a more important role on the gut microbiome composition than the associated bacterial communities present in the algal culture. However, as expected, changes in diet show differences in oyster's faecal microbial populations, suggesting a direct relationship with the algal feed used in each diet. The study also suggests a role of the external environment in shaping the internal bacterial community, being likewise significantly different from that present on the algal feed used (Simons et al., 2018) .
However, studies performed by Walburn et al. (2019) focused in Yellowtail Kingfish gut microbiome, highlight the importance of microbes from diet as well as those present in the rearing water, during the first stages of the fish larvae development and growth, showing a direct involvement of both the feed-associated and environmental bacteria in the gut microbiome. Moreover, this study let to identify a core microbial community, mainly composed of Streptococcus, Enterococcus and Lactobacillus species, representing the 56% of the whole community, which seems to be stable at all developmental stages and, as stated in other studies, is related with healthy fish gut microbiome. On the other hand, stage-specific communities identified are related with changes in diet, from live feeds during the larvae stage to formulated pellets, thus suggesting that the composition of the gut microbiome of aquaculture animals may be influenced as well by the introduction of formulated feedstock, regardless of their age. Further analyses of gene function associated with the gut microbiome at the different stages of the fish larval development show changes in the levels of representation of different metabolic pathways which seems to be also related to changes in the nutritional profile associated to the different diets. An interesting note is, for example, the high representation of secondary metabolite pathways during the early larval stage of the Yellowtail Kingfish that would suggest a role of gut-associated microbes on the production of antibiotics that could protect the host against pathogenic invaders.
The past decades can be considered as the golden era for microbiome research, and great progress has been done so far. The application of microbial population analyses has demonstrated promising prospects with therapeutic, agriculture and aquaculture applications to improve health and increase productivity in agriculture. Furthermore, new technologies and developments in the area of machine learning are being developed to provide a deeper insight into the chemistry of microbiomes and its link with dysbiosis diseases. Although it is not clear yet the direction of this correlation, there is no doubt nowadays that the microbiome research and its applications will change the way we live and will serve to improve our lives.
